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DESCRIPTION 



y^r.pY gFT.RPTTNG METHOD 

Technical Field 

,^ ^1 -,1-oc: 1-0 a node selecting 

The present invention relates to a no« 

. ■ r^.^^icular to a node selecting method in which 
method, in particular, 

a mobile node moving among nodes dispersedly arranged can 
estimate the distance to a candidate node adjacent to the 
„,obile node when the mobile node selects a node to 
conununicate with next to the node being currently rn 
coMnunication. I. addition, by a modification included in 
the present inven;ion. the present invention can be adapted 
also to a network in which nodes are unevenly distributed. 

Background Art 
in recent years, low-cost, low-power, and short- 
distance wireless devices such as Bluetooth have been 
„idely used in various fields. In many existing systems 
such as a cellular wireless telephone system, a received 
signal strength indicator (RSSI) is used for detecting a 
mobile and for handing over. However, the use of such an 
RSSI for a wireless device as described above is not always 
suitable because the use of the RSSI may bring about 

-i^^i-r-nr- rircuit or an increase in 
complication of an electric cxrcuir 

manufacture cost. 

i« in 3 cellular wireless 
By way of example, m a cexxux 



« case will be considered wherein a 
telephone system, a case wj.-lx 

mobile (hereinafter referred to a. .obile node, moves among 
base stations (hereinafter each simply referred to as node, 
dispersediy arranged. When the mobile node moves, the 
distance between the mobile node and each node changes. 
«tendant upon this, the strength of the signal that the 
mobile node is receiving from each node also changes 

accordingly . 

Generally, such a mobile node measures at 
predetermined timings the strength of the signal being 
received from each node. If the strength o£ the signal 
being received from the node that the mobile node is 
currently connected to and in communication with has 
weakened, the mobile node performs a handing-over operation 
for Changing the connection node into a node the signal 
from Which is strong. An algorithm for the handing-over 
operation is required together with a technique for 

distance estimation. 

in addition, recent small-size wireless devices 
such as Bluetooth are expected to be adapted to mobile ad- 

-hho future In such a network, it is 
hoc networks in the tuture. 

naturally thought that nodes may be unevenly distributed 
unlike a cellular system. Thus, a technique is required 
that can be adapted also to such an uneven node 
distribution. 
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The present invention has been made for solving 
the above-described problems o( the background art, and 
relates to a node selecting method. The present invention 
provides a distance estimation algorithm that ma.es xt 
possible to select a node with using no RSSI . 

A first aspect of the present invention is 
directed to a node selecting method in which a mobile node 

Hn c^nersedlv arranged estimates 
^ r^i iTr;:il itv of nodes aisperseuxy ^ ^ 
moving a plurality 

a distance to a candidate node adjacent to the mobile node, 
and selects a node for next co-^unication, characterized in 

i_ ^ ^ -F-iT-ci-h crteo of specifying, 
that the mobile node executes a first step o 

as the candidate node, a node present within a 
conununication zone of the. mobile node; a second step of 
calculating, for each specified candidate node, a ratxo 
3 between the number of nodes present within a first region 
.here the con^unication zone of the mobile node and a 

■ ^Hnn zone of the candidate node overlap each other, 
communication zone oo. 

,n--^^r^ cfif-ond reqions where 
1 r^r^He«? oresent within secoii<-i 

and the number of nodes prei^ci 

both the co^unication zones do not overlap; and a third 
,„ .tep of estimating the distance on the basis of the ratio. 

R second aspect of the present invention rs 
directed to the above node selecting method, characterized 
in that the mobile node further executes a fourth step of 
selecting a node for next co^nunication, on the basis of 

25 the estimated distance. 

The present invention is characterized by 
modifying the number N of nodes present within the first 
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region or the second .e.ions. in the second step, as the 
,oXio„in, independent four methods. There.., the present 

v.. ^daDted to even a case wherein nodes are 
invention can be adapteo 

a<5 ?i matter of course, 
1 H-ic^-t-ributed in each region. As a matiiei. 
unevenly distriDui-eu 

..e following .ethods can be adapted also to a case wherein 

nodes are evenly distributed. 

invention is characterized by the 
The present invenLxun 

following modification: 



20 



25 



„nere N is the total nu^er of nodes bein. in regions,- S, 
IS the nux^er of nodes included in a complete graph a, not 

^rT,r.if^te araph than the complete graph 
included in another complete grapn 

•^=.^^^-^r referred to as maximum complete 
Gj itself (hereinafter rererreu 

,.aph) , including four or more nodes; the number of 

existing maximum complete graphs is M; and 3 = 1, 2 

The present invention is characterized by the 
following modification: 

N is the total number of nodes bein. in regions; S, 
1. the hunger of nodes included in a .a.i.u. complete graph 

n 1 c; a modification item 
G, including four or more nodes; O,. is mod 

^ ^^o« r^resent within the region where 
when the number of nodes present 

V, r and are overlapping is Qjkf 
two maximum complete graphs G, and G. 

^ n - O v - 1 when Qjk 0'" 3/ K - i, 
0^^ = 0 when Qjk = 0, and Ojk - Qd^ 

2 , M; and j ?t k. 

The present invention is characterized by the 
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following modification: 



^ J** 



„here H is the total number of nodes bein. In regions; S, 
the number o£ node. Included in . .axi.u. complete graph 

r,^H*.«5- 0„ is a modification item 
G. including four or more nodes, O3K is 

TT-ii-hin the region where 
when the number of nodes present wxthxn the 

n =.r.ri are overlapping is Qjk^ 
two maximum complete graphs G, and 

HO - - 1 when Qjk * 0; Mjk is an 
= 0 when QjK = 0, and O3. - Q.k ^ 

w item = 1 when - Qik = 1 - Q3. - 1' 

amendment item, 

3 and MjK = 0 when S, - Q3K ^ 1 and Sk 

M; and j 5* k. 

The present invention is characterized by the 

unification The nodes present within the 
following modif icacion. 

oo^-unioation .one of a node are called a neighbor node 
list ,H«L, of the node. ««LS are compared with each other 
in relation to all nodes present within each region, and 
even a plurality of nodes are counted as one if the 

counted is used as the modified number of nodes of the 

20 region. 

The node selecting method of the present inventron 
is characterized in that the mobile node executes the frrst 
to fourth steps at predetermined periods. 

The node selecting method of the present invention 
25 is characterized in that the predetermined period is 

Changed in accordance with the movement speed of the mobrle 



node . 



The node .electing method o£ the present invention 
is Characterized in that the predetermined period is 
changed in accordance with the arrangement density of the 
plurality of nodes. 

Brief Description of the Drawings 
PIG. 1 contains two representations different only 
in the position of a mobile node (N) for explaining a 
.elation between overlap between the communication zone of 
the mobile node (N) moving among a plurality of nodes 
substantially evenly dispersedly arranged, and the 

J /VI ^ ^nd the distance (D) 
communication zone of a node (XI), and the 

between the nodes; FIG. 2 contains representations for 
explaining what handing over operation is thin.abl. whan 
the mobile node («, has moved, using a relation between the 
nuK^er of nodes present within a first region ,a„) where 
co»unication zones are overlapping and the number of nodes 
present within second regions R2) where the 

coMUunication zones are not overlapping; and FIG. 3 is a 
representation for explaining an example In which the 

J ^4-^^ -t-o ;5 case wherein nodes are 
present invention is adapted to a case 

unevenly distributed. 

Best Mode for Carrying out the Invention 
using an algorithm of the present invention, a 

^ H-i=:i-ance to a node present 

mobile node (N) can estimate the distance x. 

^-i^n 7nne of the mobile node (N) , with 
within the communication zone or 



I 

- 7 - 



10 



15 



20 



25 



using no RSSI. 

Because the mobile node can estimate the distance 

to each node by using the algorithm of the present 
invention, the mobile node can perform a handing-over 
operation by using the algorithm of the present invention 
in parallel to an easting algorithm. In addition, it rs 
thinkable that the algorithm of the present invention is 
used complementarily to an RSSI. 

The algorithm of the present invention can be 
suitably used in a low-cost. lo«-power, and short-distance 
network such as Bluetooth. However, the present invention 

is not limited to that. 

That is, the present invention is applicable also 
to an access point network adopting a cellular or PHS 
system, or a general mobile ad-hoc network (MANET) . 

1 wV^inh the present invention is 
In a network to wnicn 

applied, nodes dispersedly arranged have the same 
communication zones. The communication zones partially 
overlap one another and cover a predetermined area. Withxn 
the area, a mobile node can communicate with performing a 
handing-over operation from one node to another. 

FIG. 1 shows a state wherein a mobile node (N) rs 

/VI X2 X16, and X17) substantially 

moving among nodes (XI, X2, axo, 

M^ r ^^ranaed For explanation, the nodes 
evenly dispersedly arrangeo. euj. f 

other than the node N are not moved. 

FIG. 1 shows a state wherein the communication 
zone C. of the mobile node N and the communication zone C.. 
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^ „4-v,^v- R.=r-^iise the distance Dl 
of a node XI overlap each other. Because 

between the mobile node N and the node XI has a 
mathematically axiomatic relation to the area ratio Ra 
between the area of the overlapping portion of two 
communication zones C« and Cx. (first region Ro) and the 
area of the non-overlapping portion of the communication 
zones C. and (second regions R. and Ra) , the distance Dl 

can be expressed as follows: 

Ra = (the area of the second regions) / (the area of 

the first region) 

Dl = F(Ra) 

... (1) 

That is, simply, the larger the area ratio Ra is, the 
larger the distance Dl is, and vice versa. 

Therefore, if the mobile node N estimates to 
calculate the distance to the specified node XI present 
within the communication zone C. of the mobile node N, the 
^area ratio Ra between the first region Ro and the second 
regions Rx ^ Ra may be estimated. However, the area of 
each region can not be directly estimated. 

in case that nodes are substantially evenly 
dispersedly arranged in a predetermined area, the larger 
the area of a region is, the larger the number of nodes 
present within the region is. They are substantially in a 
proportional relation. Thus, if the ratio between the 
number of nodes present within the first region Ro and the 
number of nodes present within the second regions R. and R. 



I 
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is calculated, the ratio can be used as an estimation value 
of the area ratio Ba. and therefore the distance Dl can be 

estimated by the equation (1) • 

in the case shown in FIG. 1, in riG. 1(A), five 
nodes XI, X2, X6, X7, and X8 other than the mobile node N 
are within the first region Ro, and four nodes X9, X3, X4, 
and X5 are within the second regions R, and R.. Thus, when 
the ratio in the number of nodes is calculated, 4/5 is 

„ Likewise, when the 

obtained in the case of FIG. 1(A). 

ratio in the case of FIG. KB) is calculated, 7/4 is 
obtained. Thus, it is known that the distance Dl in the 
case of FIG. 1(A) having the smaller ratio is shorter than 
that in the case of FIG. 1(B). Not only such a relative 
distance between two nodes is known thus, but also an 
estimation value of the distance Dl can be obtained using 
the equation (1). m this case, because not the 

-i o K;:^c:e:.d OH ohIv the nuiuber 
calculation of the distance Dl is based on on y 

ratio Ra in the number of 
of nodes in a region but the ratio 

Hni^lijfnce by the density 
nodes between two regions is used, influence oy 

of nodes is eliminated. 

in this embodiment, each of nodes including the 
mobile node N has a corr^unication zone of the same radius 
and has a function of detecting a node present within the 

communication zone of that node. 

Here, the nodes present within the communication 
.one of a node are called a neighbor node list (NNL) of the 
node, and the NNL of each node belonging to the NNL of the 



mobile node N includes the mobile node N itself. 

in a network to which the present inventxon rs 
applied, the above-described technique is on the assumption 
that nodes are evenly arranged. However, if a number 

H^rl as described below is used in place of 
modified or amended as aescrxij 

^ ..H.s the algorithm of the present inventxon 
the number of nodes, tne axyv^ 

^ ^ t-^ ^ <-a<?e wherein nodes are 
can be sufficiently adapted to a case wne 

distributed. ^ networ. to «.icb the present 
invention is applied .ust .eet the following conditions: 

in the network has a function of 

(1) Any node in tne iieuw>jj- 

collecting NNLs and NNNLs . 

(2) The above collecting function is periodically 
executed. The period can be properly set in accordance 
..th the node density and the movement speed of the mobile 

node . 

(3) The communication zones of the nodes have 

substantially the same size. 

(4) The nodes are desirably evenly arranged to 
cover a necessary access area, however, they may be 
unevenly distributed. In case of an access point (AP) 
network, the former condition is satisfied. 

in case of a network in which nodes are 

ar-r-flnaed as shown in FIG. 1, the 
substantially evenly arrangea a 

^- invention is most suitably applied 
algorithm of the present invention is 

AS described above, the ratio Ra of 4/5 or 7/4 are 

. . th. .rea ratio between the first region Ro 
in proportion to the area ratio 



^ D nc?-ina the ratio Ra^ the 
and the second regions Ri and Ra- Usxng 

distance Dl can be calculated by the equation (1) • 

But, even if the absolute distance Dl is not 
calculated, because the equation (1) is a monotonous 
function, it can be determined which node is nearer to the 
raobile node N, by knowing only the ratio Ra. 

in case that nodes are substantially evenly 

H node selection according to the present invention 
arranged, node sexeou-L^^ 

is performed in the following procedure: 

(1, The mobile node « prepares it. NNL and NNNL. . 
(2, The mobile node N compares the NNL of the 
mobile node « with the NNL obtained from a node other than 
the mobile node N to determine whether the node belongs to 
the first region or a second region. 

,3) The mobile node N counts the numbers of nodes 
belonging to the first region and to the second regions, 
calculates the ratio Ra. and then estimates the distance to 
the mobile node N by the equation (1). 

(4) The mobile node N executes the above steps 
a, to (3, for every node belonging to the NNL of the 
mobile node «. estimates the distance in relation to every 
node, and selects the most appropriate node as the node for 

(although the node in which the 
next communication ^aiT-uuuy 

estimated distance is the shortest can be selected, because 

-FokY- <?nrh an algorithm, 
rr.=.r.w <=>xistinq technxques for sucn dn o y 
there are many exi^uxny 

£or example, information on change in time is used, the 
algorithm how the estimated distance information is used rs 



not mentioned here.). 

(5) The above steps (1) to (4) are repeated at 

predetermined periods. 

FIG 2 contains representations showing a process 
for calculating the ratio Ra by the above-described steps 1 
to 5, illustrating a relation between the nu^er of nodes 
present within the first, region (Ro) "here co,r«unicatrOh 
.ones are overlapping each other, and the nu,^er of nodes 
present within the second regions (R., R.) "here the 
co™.unication .ones are not overlapping. .11 of <A, , (B, . 
and ,C, of rl=. 2 show the same arrangement, in which only 

the mobile node N is moving. 

in FIG. 2(A), the mobile node N is connected to a 
node Nl. The ratio Ra calculated in relation to those two 
nodes is 4/5. 

=. = wherein the mobile node N 
FIG. 2(B) shows a state wnej-exn 

H .nri the ratio to the node Nl has changed 
has slightly moved and the ratio 

i„to 7/4. on the other hand, in FIG. 2(C) showing the same 
state as FIG. 2(B), the ratio to a node N2 is 1/7. In FIG. 
2(C), the position of the mobile node » at the time of FIG. 
2,w is Shown by NO for reference. Therefore, attendant 
.pon the movement of the mobile node n. a handing-over 
operation is performed from the node Nl that the mobile 
node N has been till now connected to and in co^unication 
with, to the node N2 of the smallest ratio Ra. 

in the above-described node selecting method, a 

,-1^0 ^Tf^ evenly distributed. In 
case is supposed wherein nodes are evenly 



case that nodes are unevenly distributed as shov,n in FIG. 3, 
however, the number of nodes .ust be modified to count. 
The number of nodes thus modified to count will be referred 
to as regional number. The reason why the number of nodes 

. niimh>e^r is that the number 

is modified using such a regional number 

of nodes counted in the' first region in such an uneven 
distribution is not in proportion to the area of the region. 

There are generally two kinds of methods for 
modifying the number of nodes, which can be adapted to even 
such a condition that nodes are unevenly distributed. One 
is a method using complete graphs and the other is a method 

of comparing NNLs . 

in case that nodes are unevenly distributed within 

1 a certain distance (around 

a range of distance less than a certaxn 

the co^unication distance,, the unevenly distributed nodes 
form a complete graph. Conversely speaking, a group of 
nodes forming one complete graph never occupies more than a 
certain area, and unevenness undesirable when the area iS 
estimated by the number of nodes can be eliminated by 
taking the number of complete graphs into consideration. 



the following equation (2) : 



where « is the total number of nodes being in regions; S, 
is the number of nodes included in a complete graph G, not 
included in another complete graph than the complete graph 

1=^-^^ T-<afprred to as maximum complete 
Gj itself (hereinafter reterrea 
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graph), including four or more nodes; the number of 
existing maximum complete graphs is M; and j - 1, 2, »• 

Although Si in the equation (2) is a value 
necessary for decreasing the regional number o, a region in 
which nodes are unevenly distributed, the regional number 
may be excessively decreased when the above-described 
complete graphs are overlapping. Thus, an amendment for 
adding the value corresponding to the excessive decrease 
„,ust be made. An amendment item for making such an 

»„f is 0 . and an amendment calculation is performed 

amendment is Ujkr ^^^^^ ^ 

on the basis of the following equation (3): 



25 



.. (3) 



„here S is the total number of nodes being in regions; S, 
is the number of nodes Included in a maximum complete graph 
Oi including four or more nodes; O,. is a modification item 

f oresent within the region where 

when the number of nodes present 

two maximum complete graphs and G. are overlapping is Q,., 
O,, - 0 «hen Q,. - 0, and - Q,« - 1 "hen Qj« * 0; j, k - 1. 

2, M; and j k. 

AS described above, in consideration of overlap of 

r ;:,nd Gv the number of complete 
two complete graphs Gj and t^k, 

K • v.^^n excessively decreased by the equation 
graphs having been excess&x vc j.jr 

(2) is reamended by O,. shown in the equation (3) to be 
increased. 

Next, the portion of each maximum complete graph 
where no complete graphs are overlapping is considered. 
The shape of the region formed by the remaining nodes 



...ies in accordance with whether the number of regaining 
nodes is not more than one or not less than two. A 
modification item in consideration of that is H,.. and an 
amendment is .ade on the basis of the following e.uatron 



. 1,-1 



1^ ^-F 7^r^r{(:^<^ beina in regions; Sj 
where N is the total number of nodes being 

-inrluded in a maximum complete graph 
is the number of nodes incluaea m 

J n i <? a modification item 
G, including four or more nodes; O.k a modi 

4= r,^ri*.s oresent within the region where 
when the number of nodes present 

^v,=. r and Gv are overlapping is Qjk» 
two maximum complete graphs Gj and Gk ar 

n .r.ri o . = Qik - 1 when Qjk ^ 0; Mjk is an 
Ojk = 0 when Qjk = 0, and O^k 

amendment item, M,k = 1 when S, - Q,. = 1 or Sk " Q.. = 1^ 
,,,H,k=Owhen S, - Q,. - 1 and Sk-Q..-1; 3, k = l, 2, 

M; and j ^ k. 

other than the method using complete graphs, a 

.ethod by comparing N.Ls is as follows. NKLs are compared 

with each other in relation to all nodes present within 

each region, and even a plurality of nodes are counted as 

one if the plurality of nodes have the same NNL. The 

. ^ ^c: used as the modified number of nodes 
number thus counted is used as tr 

of the region. 

^•„oiw another amendment can be made in 
Alternatively, anotnej. 

place of the above-described amendment. 

on the basis of the example shown in FIG. 3, an 
amending procedure of a regional number will be described 
in accordance with the equation (4). 



PIG. 3 shows a case wherein nodes are added to the 
state of no. 2,B, so that nodes are unevenly distributed. 
Here, the relation between the same nodes will be pard 
attention to. 

^ th(^ reaional number is made on 
So, an amendment of the regiouci 

the basis of the equation (4). 

First, there are thinkable two maximum complete 
graphs, that is, one constituted by nodes a, b, d, e, f, 
h, and i, and the other constituted by nodes b, C d, e, , 

q, h, and i. 

in this example, nodes overlapping in the two 

1 nraohs are seven of the nodes b, d, e, 
maximum size complete graphs are 

f, g, h, and i. 

Therefore, after an amendment based on the 
equation (4) is made, the modified regional number is 9 - 
5 5+6-1=4. Thus, in the case shown in FIG. 3, the 
.atio Ra must be calculated with the regional number of the 
first region having been modified into four. 

in this case, the ratio Ra is 7/4. That is, in 
spite of unevenness in the distribution, it is supposed 
that the distance from the mobile node N is large, like the 

case of FIG. 2(B) . 

in case that nodes are unevenly arran,ed as 
described above, node selection according to the present 
invention is performed in the following procedure: 

a, The mobile node N prepares its N«L and ^NLs. 
(2, The mobile node N compares the NNL of the 



.o.ile node K with th. «NL obtained fro. a node other than 
the .obile node N being the N«L o£ the mobile node « to 
determine whether the node belongs to the first region or a 

second region. 

,3, The mobile node N counts the regional numbers 

of the first region and the second regions in accordance 
with the abo.e-described algorithm, calculates the ratio Ra, 
and then estimates the distance to the mobile node K by the 

^•H-;r,r, t-he NNNL of the target node 
equation (D • Upon counting, the nnni. 

obtained in step (1) is used. 

(4) The mobile node N executes the above steps 
(1) to (3) for every NNL belonging to the mobile node N, 
estimates the distance in relation to every node, and 
selects the most appropriate node as the node for next 

communication . 

(5) The above steps (1) to (4) are repeated at 

predetermined periods. 

By using the algorithm of the present invention as 

described above, the distance between two nodes can be 
estimated with using no RSSI. On the basis of the 
estimation result, it can be determined whether or not a 
movement detection or a handing-over operation must be 
performed. In addition, the algorithm of the present 

=rf i„ parallel to an existing algorithm 
invention can be used in parallel 

for handing over. Further, the present invention can be 
each having no RSSI exist together in the same network. . 



for a node having an RSSI, information on the distance 
between nodes can be obtained using the RSSI or both of the 
RSSI and the algorithm of the present invention. As for a 
node having no RSSI, the distance between nodes can be 
estimated using the algorithm of the present invention. 

in addition, because the whole of the algorithm of 
the present invention can be realized by software, each 
node requires no special hardware component as far as the 
node has a function of collecting and transmitting NNLs. 

The distance estimation calculation algorithm of 
the present invention can be adapted to not only a network 
in which nodes are evenly arranged, but also a network in 
which nodes are unevenly distributed. Further, the present 
invention is applicable to any of a mobile ad-hoc network 
and an access point network. 

industrial Applicability 
The present invention is applicable to an access 
point network in which nodes are fixedly arranged or a 
mobile ad-hoc network in which nodes are moving relatively 
to one another. In addition, by using modified equations, 
the present invention can be effectively applied to even a 
case wherein nodes are unevenly distributed in a region. 



